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This letter su_mlarizes our participation in the

development of your recent presentation to the OMSF Management

Council and forwards observations which may be helpful in

further enhancing the OMSF planning process and in identifying

the areas requiring additional study. Draft copies of the pre-

sentation material submitted to you and your staff are compiled

in Attachment II, arranged generally in the order of your pre-

sentation. Our observations based on participation in this

activity are summarized in Attachment _-_._
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ATTACHMENT i

COMMENTS ON PRESENTATION MATERIAL

The following comments are based on Bellcomm participation in

the development of the NASA/MT presentation to the OMSF Manage-

ment Council.

Payl0ads

le A preliminary analysis indicates that the shuttle

aided by auxiliary propulsion is an adequate de-

livery mechanism for all anticipated automated

spacecraft. Results indicate that the 25,000 lb.

(270 n.mi. x 55 ° ) and 15' diameter by 60' long

payload model is adequate. However, it is most

important to modify the missions to reflect the

shuttle concept and constraints, since that may

significantly alter the quantitative description

of the payload requirements and the delivery mode
to orbit.

e Further preliminary studies show that if the

large cargo bay is adopted, the shuttle may be

capable of competing most effectively with the

space station and may also be capable of mission

modes that are potentially superior in economic

and performance characteristics to those of the

station. At this time these concepts are in-

triguing, but are not sufficiently developed to

make a definitive comparison with the space

station alternatives. Without further study of

these alternatives it is not possible to pass

judgement on a sound basis.

• A contribution of value to both items 1 and 2

above would be the development of a flight

experiment program for the shuttle similar to

the blue or green books associated with the

station.

o There was approximate agreement among the

Center staff papers that 100,000 pounds to low

earth orbit is a desirable but not necessary

capability; perhaps the ability to orbit 75,000

pounds is adequate. This situation requires

clarification since this large lift capability

is a pivotal feature of the long term flexi-

bility of MSF to meet changing requirements.

#
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Shuttle

. There'are three interrelated issues; size and

weight of internal payload (dealt with above),

alternative configurations and alternative

d_velopment approaches. The last issue is

principally a function of program needs. That

is, if the shuttle delays the resumption of

MSF (due to funding requirements) too long,

then an alternative approach leading to earlier

flight at less investment will be mandatory.

Numerous alternative shuttle concepts have

been identified. A basic assumption has to be

made concerning the market for the shuttle.

Assuming a high traffic model forces the attempt

to achieve full reusability. If we restrict

ourselves very stringently to those concepts

that involve the development of two reusable

stages (the primary distinguishing properties

of the baseline shuttle), we find only three

general configurations.

a) Lifting orbiter on a ballistic booster

This includes SERV/MURP but is not limited

to them since the orbiter could participate

in the orbit insertion propulsion.

b) Ballistic orbiter on a ballistic booster

Our studies indicate that this is a reason-

able configuration, quite competitive with

the baseline. Again, the velocity split

between the stages should be varied to ex-

amine the various attractive choices.

c) Ballistic orbiter on a lifting booster

This is just the reverse of a).

If the stringent criteria are _elaxed, the

field opens up to include a wide range of

contestants. They are however, principally

what one would consider to be interim con-

figurations, a step in the evolution to a

shuttle. There is one configuration of

serious merit from this group, that is,
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d) Either a liftinq or ballistic orbiter on

an all expendable new "minimum cost design"

launch vehicle•

. The Center staff papers presented the following

cqnsensus of ideas;

a) The relative costs of new developments are

probably correct in revealing the cost

ordering of alternatives, but the absolute

costs are not meaningful estimates.

b) The current shuttle concept (phase B) is

not suited to phased development for reasons

of performance and economy.

Large Lift

. The payload studies (first section) do not clearly

identify any major advantage to payload capability

in excess of the Titan growth family (TIII-L-4).

• The cost analysis does not clearly indicate any

distinction in non-recurring costs between Titan

growth and Saturn carry-on options, although

differences in recurring costs are indicated

that favor Titan. This depends on continuing

Titan production for other needs.

3. For several hundred million additional dollars,

various versions of the 156" or 260" SRM using

either SIVB or SII can be developed. Recurring
costs lie between those of Titan derivatives

and Saturn follow-on.

Q The 12" SRM plus SIVB appears competitive with

Titan growth versions.

. The O.I.S. concept for use with the shuttle appears

technically valid but requires substantially

better cost analysis.

Space Tu_

• No definitive design concepts enjoying wide

support have yet emerged.

Q There is a basic problem with space based tug

operations (as opposed to ground based opera-

tions) due to orbit plane precession.

• There is serious doubt that the USAF performance

requirements can be met even with a vehicle

specifically designed to that mission only.
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Cislunar Shuttle

i. The requirements, both programmatic and performance,

for a'cislunar shuttle (chemical or nuclear) have

not been clearly established.

°

2. C_emical shuttles have not been given sufficient

attention.

Lunar Exploration

. At this time there is very little concern about,

and certainly almost no study of, possible

alternatives for filling the impending gap in

lunar exploration. With the passing of the Saturn/

Apollo system man will not be able to return to

the moon again unless we initiate a new program.

This issue is twofold;

a) What are the practical alternative programs?

b) Is it permissible to leave ourselves without

the capacity to return to the moon rapidly,

even if we do not expect to exercise such

an option?

The lunar exploration program is in need of

comprehensive examination for the purpose of

lending structure and priorities to the set

of possible future choices.

• The lunar surface base has always been tacitly

accepted as the ultimate capability of the lunar

exploration program. It is not clear that this is

an appropriate long range goal.

Near Term Gap Fillers

i. If this class of mission is to be seriously

considered, then a careful review of the early

Apollo Extension System studies, completed in

1965, is warranted.

Space Station

• The space station configuration is more sensitive

to the interface with the transportation vehicle

than it is to the flight experiments.
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• It seems feasible to achieve a space station

capability using the shuttle as the launch vehicle.

. The relationship of the current Skylab program

to the space station needs clarification.

Program Alternatives

It is understood that one of the principal purposes

of the presentation was the illumination of possible

FY 1972 program decisions through examination of

their long range implications. For this purpose

program alternatives were structured based on the

priori resolution of two major issues generated

by recognition of a near-future constrained re-
sources environment:

a. The question of Saturn V production, resolved

so as to continue the suspension, and

Do The question of the order of serial develop-

ment of the space station and space shuttle,

resolved in favor of initiating the latter

in FY 1972.

The major issues to be illuminated by the alter-

natives became the following:

ao The space shuttle development approach, clearly

an FY 1972 consideration, and

Do The approach to and time-phasing of the develop-

ment of long-duration MSF capability, an

FY 1972 consideration because of the potential

of Skylab.

An issue raised by electing to suspend Saturn V pro-

duction is the question of resumption of manned luanr explora-

tion, but here development of the alternatives revealed general

insensitivity to FY 1972 decisions. (There is a possible inter-

face with the Apollo program, but there was no variation in

alternatives for the period covering the runout of Apollo.)

Q The approach taken in structuring program alter-

natives was based on developing alternative

paths from FY 1972 toward accomplishment of pro-

gram objectives derived from STG Option II.
Formal evaluation of the relative merits of the



BELLCOMM, INC. - 7 -

.

alternatives, however, is complicated by the fact

that they were not constrained similarly in re-

sources or in timing of achievement. This tends

to res.trict the evaluation criteria to those

associated with management appeal.

A_ alternative approach warranting consideration

for future use is a more evolutionary, less

deterministic one. Preliminary assessment re-

vealed that the program objectives of STG Option II

could not be achieved because of resources con-

siderations. At the same time, there is avail-

able as near-term direction the President's space

policy statement of March 7, 1970, which was made

after consideration of the STG Report. In effect,

considering this statement in the light of the

expected national environment should define the

FY 1972 "truths." It would appear appropriate to

develop programs which evolve from those "truths"

via alternative paths to the future• Maintaining

near-term fiscal constraints on those alternatives

would further illuminate FY 1972 decisions.

• Direct pursuit of STG Option II as a target for

the MSF program was discarded for budgetary rea-

sons. However, the program alternatives eventually

synthesized were priced out at values not too

different from Option II for the near future. In

particular, the FY 1972 figures are almost identical,

and for FY 1973 Option II funding is lower than two

of the alternatives. The suspicion is that failure

to consider more severe resources constraints for the

near future may have obscured some of the real

FY 1972 issues.

Q The level of detail in the characterization of

program alternatives during the later periods is

not entirely compatible with our understanding

of the integrated program reflected in STG Option

II. As a concept involving lower cost, flexible

operations in cislunar space, the integrated pro-

gram af _ ....__±_,__-_-_ guidance to point the

way to the future. The detailed implementation

will depend in good part on the market for its

use, but that market appears to be slipping farther

into the future. For this reason estimating the

future use of the capability will probably re-

main difficult for some time, and it may turn out
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that the market will not unfold until at least

preliminary capability is available. Hence,

it would appear appropriate to avoid tying

significant FY 1972 decisions to any current

view of the ultimate application to be made of

the integrated program systems.
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CISLUNAR SHUTTLE



o.

o

LUNAR T_hNSPORTATION REQUIR_[ENTS

Lunar surface base or extended exploration requires

• _ -,_

• Transportation system to lunar orbit with s:oou_

i00 KLB capability

• 3 - I0 flights to establish surface base

• " 3 - 5 flights per year to conduct operations

This traffic justifies d evelogment of lunar shuttle

/



o.'.

COMPARISON OF LUNAR SHUTTL_ OPTIONS

Either nuclear (NERVA) or chEmical (H-O) propulsion could

be used

:. • Technology is available "

• Compatibl e with all proposed launch systems

Choice between nuclear and chemical

: •. Nuclear offers sing -stage mode,

fewer space shuttle tanker flights,

growth potential for Manned Mars Missions

. Ch_nical performance is competitive only with

con:io!ex _._ission mode

I

_o

J

I



OPERATIONAL CONS IDEP_ATIONS
%

Chemical

Single stage - larg e , uneconomical

_o stage - performance may be competitive,

operations more complex

• Aerobraker - possibly attractive performance but

not yet evaluated

Nuclear

• Radiation protection: Must be provided by

Cluster of space tugs .- lower development cost

but reduced performance

/

vehicle configuration, separation distance,

shields

Aftercooling: Must be accommodated byguidance

system; some delay in rendezvous; small per-

formance pinalty J

• Single stage
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/ °
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f

SU_MARY

• Lunar exploration justifies reusable transportation system

• Reusable nuclear stage offers combination of

High performance, economy, simple mission mode,

and applicability to Manned Planetary Missions.

Radiation can be accommodated with moderate

penalty.

Chemical propulsion may be competive with more complex

mission mode: although probably not useful for more

_bit_ous missions.

SignlficantAcost savings with nuclear (for same mission

modes)

.°

r
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PROGRAM ALTERNATIVES

• I - ALL-UP SHUTTLE

• II - PHASED SHUTTLE

• III- EVOLUTIONARY SHUTTLE

AND LONG DURATION MSF
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MISSIONS
J

I - ALL-UP SHUTTLE

Earth Orbit

Shuttle

Shuttle + Tug

Shuttle + SSM

Lunar

Shuttle + CLS + Tug

Shuttle + CLS +

Tug + SSM

- Shuttle + 50K P/L

- Shuttle delivery of LM-B PM (50K).

Crew capsule (5-7K) and P/L'de-

livered separately by shuttle.

- Shuttle delivery of 50K modular SSM.

P/L and crew delivered separately by

shuttle.

ae Shuttle booster launches CLS

(fueled with 540K of propellant).

CLS propellant used for insertion

into E. O.

b. 9 shuttle flights to refuel CLS

in E. O.

Ce

de

e.

CLS injects into TLI and inserts

into lunar orbit: 1 Tug (with

propellant) + 1 Tug (without pro-

pellant) + P/L

Tug conducts lunar landing mission.

Empty tug provides for safety,

obtaining fuel from CLS if neces-

sary.

CLS returns 1 Tug with crew to E. O.

Return of _ D_ • __i

Shuttles insert SSM and Tug into E. O.

CLS is inserted into E.O. and refueled

as above. CLS transports SSM + Tug to

lunar orbit.

Tug conducts lunar landing mission.

Resupply from E.O. in same manner.

CLS used for return to E.O. SSM remains

in lunar orbit.



, 0

II - PHASED SHUTTLE

Earth Orbit

Shuttle Orbiter + S-IC

SSM + LLV (S-IC + S-II')

Shuttle + Tug

Shuttle + SSM

Lunar

Shuttle + CLS + Tug
+ SSM

- Launch by S-IC. Insertion

into E.O. by shuttle orbiter.

- INT-21' inserts 100K SSM

into E.O.

- Same as for Option I

- Insertion of SSM into E.O.

as above. SSM resupply

and crew return by shuttle.

- Essentially same as for

Option I, but SSM (_I00K)

is inserted into E.O. by LLV.

One CLS required to trans-

port SSM to lunar orbit.

III - EVOLUTIONARY SHUTTLE

Earth Orbit

Skylab III+ LLV

Shuttle + LLV

_I_£ .J- T T T7
i*.J I..) dL'J. / -_ v

Lunar

Space Shuttle + Tug

Space Shuttle + SSM

Shuttle + CLS + Tug

÷ SSM

- Skylab II (_ 90K) inserted

into E. O. by T-III'

(90K capability)

- Resuable lifting body space-

craft inserted into E.O. by

T-III'. Provides manning

and logistics for Skylab.

- SSM (_ onT,_ --_^ _^_ -__

E.O. by T-III' .

- Same as for Option I.

- Same as for Option II.

- Same as for Option II.



MISSION DESCRIPTIONS

• I - ALL-UP SHUTTLE

• II - PHASEDSHUTTLE

• III - EVOLUTIONARYSHUTTLE AND
LONG DURATION MSF
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PLANNING FACTORS

The following planning factors were developed to

assist in pricing Options I, II, and III.

Option I

Space Station Module

i• One flightworthy SSM will come out of the

development program.

• One additional SSM will be procured as a

spare•

All-Up Shuttle

i• The maximum number of flights per year, assuming

a two-week turn around time and the better part

of a week on orbit, is 14. Allowing for outage

use i0 flights/year/vehicle.

• Three flightworthy vehicles will come out of

the development program•

3. Each vehicle has a 100-flight useful lifetime•

• The earth orbital shuttle activity requires

74 flights between 1978 and 1986 at a rate of

i0 per year. This necessitates one vehicle•

So There are 100 shuttle flights in support of

the lunar program in the period 1980-86 at a

rate of 20 per year. Two vehicles were assumed

adequate to meet this requirement. However,

more may be required depending on how long a

period is permitted for orbital refueling of

the cislunar shuttle. For example, 5 shuttle

vehic]_ are r_q1!ired _ f11_I _h_ CT_ _ _h_ee
weeks•

• In addition to the three shuttle vehicles from

the development program, procure one more

vehicle in 1984 and procure the equivalent of

one vehicle in spare parts•



Option II

- 2 -

A tug will have a useful lifetime of 100 reuses

or three years (if left in orbit).

• One tug per year will be expended to inject a

planetary spacecraft•

• Three tugs will be procured in 1979 (may come

from development program); one additional tug

will be procured each year; every three years

one more tug will be procured•

• If the lunar missions are conducted with rescue

capability, an additional tug may be required

depending on the assumption made regarding

storability in lunar orbit for about one year.

Cis-Lunar Shuttle

i• The CLS returns to earth orbit from each lunar

mission• If it is fully reusable, then only

one back up is required. If it is considered

expended after reaching earth orbit, then one

per year is required•

Summary Option I

SSM: One from the development program plus one spare, 1981

Shuttle: Three from thedevelopment program, 1978;

one spare, 1984; and one equivalent vehicle

in spare parts, 1984.

Tug: Three from the development program, 1979; one

per year plus one additional every third year.

CLS: One from the development program and one per

year, 1985.

Space Station Module

i•

•

3.

One flightworthy SSM from the development program,

1979.

One spare SSM as backup, 1979.

One SSM for lunar orbiting base, 1982.



-3"

Shuttle Orbiter Stage

i. Two flightworthy vehicles from the development

program, 1978.

2. An additional vehicle in 1982.

3. One equivalent vehicle in spare parts, 1982.

Shuttle Booster Stage

I. Three flightworthy vehicles from the development

program, 1982.

2. One equivalent vehicle in spare parts, 1982.

S-IC Interim Booster Stage

1978 1979 1980 1981

4 7 i0 i0

S-IC/S-II Interim Launch Vehicle

1979, i; 1982, i; plus $50 M/yr for MOC

Space Tug

Same rationale as Option I with 1982 IOC

CLS

Same rationale as Option I with 1982 IOC

Option III

Skylab III

Two for 1977

SSM

Same as Option II with 1980 as the earth orbital

program IOC and 1982 as the lunar program IOC

Shuttle (Reusable lifting body spacecraft)

Two flightworthy vehicles from the development

program, 1977.

All-Up Space Shuttle

i. Four flightworthy vehicles from the development

program, 1981.



e

CLS

Same rationale as Option I with 1981 IOC.

T-Ill

- 4 -

One equivalent _vehicle in spare parts, 1981-83.

1977 1978 1979 1980 1982

5 6 i0 ii 1



¢

LUNAR MISSION FLIGHT SCHEMATICS

• OPTION I

• OPTION II, III



I
I e

03 ,,-I

::3 -H

aJ
(D O._

O ;:_ r.._

11

,--3

.p h0

E
P3

hO

E-_ 04-_

. ,el

O m

÷

O-,H .._

.-t-

0._ r--t

I 4--_4--_ _
H _.H :3

o
o

4-_

O
O

"I

oo_
ooo

000
ccc



H

0
H

H
H
H

H
H

0
H

0

I
I
I

I

HO

ts8 ,_
O _

rq
,-1 P._

I!

+

@

.-t-

O4.._

__ eo

_4-_

. _) _

0

I _
I

I
i
i

I
I
I

4.

0

-t-

I 4-_ .,r_
_1 _,_

,_C9

+

I

@
_4.a
o

+

4_

+
o,_-I

I%_ <_
I__
_

II

X

I
I
L.

4oH
XZ4o _a O

,'--I ,..q (D _

4040
4o.H

O3

• _>_
H _0
H_-_

I

o
o

+

r-t _)
4._ 4._

_ o
x_ o
r/? ffl

oo_
ooo

ODO



I-i

0


